PHOTOGRAPH THIS SHEET

|

&
< &
‘o g LEVEL INVENTORY
N =z
5
o WhL-4/2/27
!
m 3 DOCUMENT IDENTIFICATION
O [}
$ - G Jan. #2
() DISTRIBUTION STATEMENT A
< Approved for public release;
Distribution Unlimited ‘
DISTRIBUTION STATEMENT
ACCESSION FOR
NTIS GRAA&I
e s B DTIC
UNANNOUNCED O ELECTE
JUSTIFICATION I JUNS 1084
T i D
DISTRIBUTION / L
AVAILABILITY CODES
DIST AVAIL AND/OR SPECIAL DATE ACCESSIONED
e o
.
H ( N

DISTRIBUTION STAMP | NAN N()l _l N-C-ED

84 06 05 o003

DATE RECEIVED IN DTIC

PHOTOGRAPH THIS SHEET AND RETURN TO DTIC-DDA-2

DOCUMENT PROCESSING SHEET

FORM

DTIC oorve 70A



AN.

¥9¢ €s6V-AV

RS

r~




—

DISTRIBUTION OF REPORTS

REPORT NO.___ b /O /077
7 .

WA

DATE DISTRIBUTED 2@ ¥ NO. OF COPIES g
Author — /

Lab. File -/

Main Office File - /

Chief of Ordnance v T o T e
Springfield Armory

Waterviiet Arsenal

Rock Island Arsenal

Frankford Arsenal

Picatinny Arsenal

Aberdeen Proving @Ground

Extra Copies

-~
Other establishments
requesting work.
2 s .
/}{/. -)’/C‘ﬂ//.'z—’ r 7#4»(—'1& # ly/ /
. ) ot
2 -(‘\/1 /:(7;‘/1'( o /

AN
\\



[nng D

Vatertown Arsenal
Report ¥o. 612/27
(Ex,0, Ud—arl) Jamuary 6, 1942

EEHAVIOR OF ALIOY AND DEOXIDIZER

ADDITIONS IN GUN STERL

oBJEO?
To study the deharior of alternative sources of alloys
and deoxidisers for Watertown Arsenal gun composition.
SOOPE
This report deals vwith possidle sudstitutes for the alloys
and deoxidisers used in present melting pracstice to make Vatertowm
Arsenal gun composition, namely,
o o & il
P .05fNax. Mo M5,
8 025§ Max., ¥V 08-,12%
Yo attempt is made to evaluate the present or future availabdility
of any of these ferro-alleys.
. CONCLUSIONS
1. The advantages gained through use of a fev of the
alternate or sudbstitute materials studied are mimer, In |
many cases disadvantages arise, It is delieved that the preseant
practice should De continued until eonditioms affecting the
arsensl are changed,
2, Should changes become mesessary, the folleviag sub-
stitutions eould be made vith ne change in melting Sechnique

end 2o difficuliys




Material Substituted for

Carbon Pig Iron

50% Ferro-manganese 96% Ferro-manganese
Electrolytic Manganese 96% Ferro-mangsaese
Silico-manganese 96% Ferro-manganese
95% Ferro-silicon 50% Ferro-silicon
High Silicon Silico-manganese 504 Ferro-silicon
Chromium metal 70% Forro-chromium
Grainal 40%¢ Yerro-vanadium

3. The following substitutions could be made only with

great difficulty or with a radical change in practice:

Material Substituted for
Speigeleisen Pig Iron and part of
961; Ferro-mangénese
Calcium Molybdate 60% Ferro-molybdenum
Chrom-X 704 Ferro-chromium

V£ Bdn

V. E. Bender,
1.‘ L‘.. w‘o hti

F . (Zppe-

J. N. Pappas
Asst, Metallurgist




INTRODUCTION

To study the behavior of alternative sources of alloys
and deoxidizers for Watertown Arsenul gun composition a series
of some thirty heats was made of that analysis, In each of
these heats one ferro-alloy was substituted directly for another
with no other change in practice; for example, eletrolytic
manganese was substituted for the present 96% ferro-manganese,
or 95% ferro-silicon was substituted for the present 50% ferro-
silicon, ete, All heats were made in duplicate, Furnace practice
on all heats was identical except for the substitution, The
heats, 60 1b. in size, were cast in the Model {T=3) centrifugal
casting mechine,

Chemical analysis and "as cast® macro-etch tests were taken
from the cagtings, Since the analysis made in each heat was
Watertown Arsenal gun composition it was thought unnecessary
except in one or two cases to heat treat the castinzs and de-

termine their physical properties.

TATA AND DISCUSSION

Material Studied
The following substitutions were studied:

1. Yor Pig Iron
&, Carbon in the form of small electrodes was

added at high temperature,
2, For 96% Ferro-manganese

a, 80f Ferro-manganese, a high carbon electric
furnace product.
3=



b, Electrolytic Manganese, a product refined
by wet electrolytic methods from low grade manganese ores,
¢. Silico-manganese, 2 high carbon high silicon
electric furnace pnroduct.
d. Speigeleisen, a high carbon, high manganese
iron.
3, For 50% Perro-silicon
a, 95% Ferro-silicon, a purer grade of electric
furnace ferro-silicon,
b. High Silicon Silico-manganese, a high manganese
electric furnace silicon,
4, For 70% Ferro-chromium
a. Chromium metal.

b. Low carbon Chrom-X, an exothermic mixture of

chromium ore.
c. High Nitrogen Ferro-chromium, an electric furnace
Ferro-chromium high in nitrogen.
5. For 60% Ferro-molybdenum
&, Calcium molybdate, a compound containing about
35% molybdenum and 15% calecium, in duplex oxide form.
6, For 40% Ferro-vanadium
&, Grainal #1, & vanadiun-titanium-aluminum electric

furnace ferro-alloy.



Table No. I gives typical analyses of these materials used,

Melting Behavior and Alloy Recovery

The difficulties encountered in making these heats are worth
noting. A thin watery low temperature slag was formed in exces-
sive amounts when Chrom-X or Calcium molybdate was used, It
was impossible to completely remove this slag before pouring and
a considerable quantity of it was carried into the pouring box,
Chrom-X gave very low chromium recovery. When Speigeleisen was
used excessive slag was formed and the large addition (necessary
because of its analysis) chilled the metal bath sufficiently to
delay the heat considerably. Speigeleisen gave very low manganese
recovery,

Table No. II lists the over-all efficiencies for the various
elements wvhen either standard or substitute materials were used,

Macro-etch examination of "as cast® discs showed all castings
to be acceptable and of quality equal to standard castings except
those made using High Ritrogen Ferro-chromium, Although the
macro-etches were very poor on eastings made with high nitrogen
ferro-chromium, the physical properties vhen heat treated were
satisfactory,

Table No, III gives the physical properties of the castings
that were heat treated with the usual normalise (2200°T for 16 hrs.),
quench (from 1650°F), end drew (temperature varies wvith analysis).

Tigure 1 showvs the location of these test specimens,



TABLE W0, I

ical ses

C Mn Si Cr Mo Y Fe

Watertown Arsenal Ferro-Alloys

Pig Iron 4,40 0.17 0.85 9k.5
96% Ferro-manganese 0.15 96.30 0.82 3.6
50% Ferro-Silicon k9,82 50.0
70% Ferro-chromium 0.08 0.23 0,26 69.42 29,0
60% Ferro-molybdenum  1.40 0.09 0.4 65.1 32.5
104 Ferro-vanadium 0.3+ 0,40 1,12 38,35 59.5

Substitute Ferro-Alloys

Carbon electrode 99.7
80% Ferro-manganese 3.60 80,0k 16.0
Electrolytic Manganese 99.9
Silico-manganese 5.08 20,20 1,17 73.0
Speigeleisen 2.06 68.13 14,70 15.0
Silico-manganese 0.56 67.93 21,35 10.0
954 Ferro-silicon 93,87 6.0
Chreziua metal 0.15 0.4 97.76 0.7
Chrom-X 0.20 25.0 15,0
) Hme:::::::n 2 0.56 63.72 29,0
** Calcium Molybdate 35.70
X Grainal {1 3.97 o.11 2k .89 Mk, 0

* 0,72% Nitrogen
ss 14 8% Calcium
x 17.24% Titanium, 9.03% Aluminum

-6~



TABLE NO. II

Over-all Recovery Efficiencies of Additions

(Amount in finighed casting

)

( Anount charged X 100)
c i Cr Mo V T3
Standard (Average 90 64 56 93 90 92 -
Carbon electrode 93
80% Ferro-manganese b0
Electrolytic Manganese 62
Silico-manganese 61 71
Speigeleisen g5 Yo
High Silicon Silico-manganese 68 69
954 Ferro-silicon 55
Chromium metal 96
Chrom-X 61
High Nitrogen Ferro-chromium 100
Calcium Molyddate <7
Grainal #1 9 39 73
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FIGURE 1,

Machining of Model Centrifugel Castings For Testing.
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